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Abstract
We investigate drag force in a thermal plasma of N=4 super Yang-Mills theory via both
fundamental and Dirichlet strings under the influence of non-zero NSNS B-field background. In
the description of AdS/CFT correspondence the endpoint of these strings correspondes to an
external monopole or quark moving with a constant electromagnetic field. We demonstrate how
the configuration of string tail as well as the drag force obtains corrections in this background.
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1 Introduction
At the experiments of Relativistic Heavy Ion Collision (RHIC), collisions of gold nuclei at 200 GeV
per nucleon are about to produce a strongly-coupled quark-gluon plasma (QGP), which behaves
like a nearly ideal fluid [1]. While the perturbative calculation can not be fully trusted in this
strongly-coupled regime, there are increasing amount of interests in calculation of hydrodynamical
transport quantities via the use of AdS/CFT correspondence [2] [3]. It is hoped that this line of
research will eventually make contact with experiment result from RHIC. As it was first proposed
[4], the large N limit of N = 4 super Yang-Mills field theories in four dimensions include in their
Hilbert space a sector describing supergravity on the AdS5×S5 background. The curvature of the
sphere and the AdS space in units of
√
α′ is proportional to 1/
√
N , therefore the solutions can be
trusted as long as N is large. In this paper, we are interesting in probing this strongly-coupled
QGP by some theoretically possible particles, in particular a heavy quark or a heavy monopole.
This corresponds respectively to dragging an attached fundamental or Dirichlet string tail cross
the whole AdS bulk. Finite temperature configurations in the decoupled field theory correspond to
black hole configurations in AdS spacetimes. In particular, there is a linear relation between the size
of horizon and Hawking temperature for large AdS black holes. It is suggested by the holographic
principle that properties of this strong interaction for probe particles with a hot plasma of gluons
and quarks are in part or fully reflected on the dual gravitational background. Apart from the
vacuum AdS, or correspondingly super conformal field theory on the boundary, introduction of
black hole is hoped to better describe a realistic QCD model on the dual field theory side, though
the correspondence is so far not fully satisfied yet.
A probe particle can be prepared by separating a pair of particle-antiparticle in the deconfine-
ment phase to far distance, then it is enough to consider just one single particle with a string tail
all the way up to the black hole horizon. Description of the other particle in the same pair is just
a mirror to this. Energy put to this single particle, if any, must either alter the kinetic energy,
or dissipated into the surrounding plasma via strong interaction. In particular the latter can be
holographically described as dissipated energy being dumped into the black hole via the string
energy-momentum current.
Energy loss of a heavy quark moving through N = 4 super Yang-Mills thermal plasma has been
extensively studied recently [5]. In particular, the drag force is derived in the context of AdS/CFT
to model the effective viscous interaction [6, 7], later it is generalized to a rotational black hole or
couple to dilaton field [8, 9, 10]. Recently drag force of a comoving quark-antiquark pair is also
considered in [11] .
In this note, we investigate the drag force via both fundamental and Dirichlet strings under
the influence of non-zero NSNS B-field background. It may be interpreted as an constant elec-
tromagnetic field on the D3-brane. We expect that it also sheds some light to real QGP under
an external electromagnetic field. From the viewpoint of string theory, B-field is the gauge field
to which a string can couple. However it is not clear how does it affects the movement of string
endpoint on the AdS boundary, because it couples to F1 and D1 strings in a different way. This
paper is organized as follows. In section 2 we calculate the drag force of an external monopole
moving in a thermal plasma with constant electromagnetic field in the N = 4 super Yang-Mills
theory. In section 3 we consider an external quark in a noncommutative super Yang-Mills theory
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at finite temperature. In section 4, we give a summary and discussion.
2 Heavy monopole probe in QGP
In this section, we consider a monopole which moves in constant speed, and introduce a constant
B-field of either electric-type E or magnetic-type H along the x1 and x2 direction. Because only the
field strength is involved in equations of motion, our ansatz is still a good solution to supergravity.
For the dual field theory, this is the minimal setup to investigate on the B-field correction. A simple
relevant geometry is a AdS5 Schwarzschild black hole with constant B-field,
ds2 = H−1/2(−hdt2 + dx21 + dx22 + dx23) +H1/2h−1
dr2
r2
,
B = Edt ∧ dx1 +Hdx1 ∧ dx2,
h = 1− r
4
H
r4
, H = L
4
r4
, (1)
where the AdS radius as well as S5 is given by L2 =
√
λα′, and the horizon is at r = rH , which
is related to temperature by T = rH/πL
2 for large black hole. We have introduced the NS-NS
antisymmetric field B01 = E and B12 = H. These E and B are constants.
In the AdS/CFT prescription, monopole corresponds to the endpoint of an open D-string in
the bulk supergravity. We may describe such a string attached to the monopole by
x1 = v1t+ ξ1(r), x2 = v2t+ ξ2(r) (2)
because we have introduced B01 and B12 only. We let the string worldsheet (τ, σ) span along t and r
directions. For convenience we choose worldsheet coordinates τ = t and σ = r. As mentioned above,
this can also be understood as departing a pair of long-distance separated monopole-antimonopole.
While they depart from each other, drag force is generated due to string tension induced via the
bulk geometry.
The D1 string action is described by the DBI action:
SDBI = − 1
2πα′gs
∫
dτdσ
√
−det(g + b)ab. (3)
The induced metric g and b-field on the D1 string worldsheet is given by det(g + b)ab = det(G +
B)µν∂aX
µ∂bX
ν , where a, b = τ, σ. G,B and g, b respectively denote the spacetime and induced
worldsheet metric and B-field. That is,
gττ = −H−1/2h+H−1/2|~v|2, bττ = 0,
gτσ = gστ = H−1/2~v · ~ξ′ , bτσ = −bστ = Eξ′1 +H~v × ~ξ
′
,
gσσ = H1/2h−1 +H−1/2|~ξ′ |2, bσσ = 0, (4)
where two vectors on the x1-x2 plane, velocity ~v = (v1, v2) and projected direction of string tail
~ξ′ = (ξ
′
1
, ξ
′
2
), are in generic pointing to different directions. ~v and ~ξ′ are are opposite directions
if the monopole-antimonopole pair are departed from each other, while perpendicular if they are
parallel transported. In this paper we only consider the former case.
Therefore the Lagrangian density is given by square root of the following determinant
L2 = −det(g + b) = 1 + hH|ξ
′ |2 − |~v|
2
h
− |~v ×
~ξ
′ |2
H − (Eξ
′
1 +H~v × ~ξ′)2. (5)
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Figure 1: Configuration of string tail v.s. electric B-field (E1 < E2 < E3)
2.1 Dragging Monopole in the electric field
We now consider a monopole moving in a constant speed with constant electric field E = B01. To
study an influence of E, we may choose the moving direction of monopole to be in the x1 direction.
In this case, the relevant trajectory of the D1 string is more restricted than in (2) and assumed to
be
x1 = vt+ ξ1(r), x2 = 0. (6)
Then
−det(g + b) = 1− v
2
h
+ αξ
′
1
2
, α =
h
H − E
2. (7)
With the constant conjugate πξ1 calculated by
∂L
∂ξ′
1
, one obtains
ξ
′
1 = ±πξ1
√
1− v2/h
α2 − απ2ξ1
. (8)
The positive sign is chosen for string tail moving behind the quark, i.e. ξ′
1
< 0. Then the negative
πξ1 can be interpreted as spacetime momentum flow along r-direction on the worldsheet, from the
boundary to the black hole. We would like to remark that for the case πξ1 > 0, which corresponds
to momentum flow from black hole to the boundary, there will be ξ′
1
> 0 and string is moving
ahead the quark. This solution is in fact not physical because classically nothing can get out of
black hole. The reality condition for ξ
′
1
requires the denominator and numerator have a common
root at the radius r4v =
r4
H
1−v2
, which gives rise to π2ξ1 = α(rv). After substituting back, we obtain
ξ
′
1 = v
L2r2H
r4 − r4H
√
1− aeE2
1− beE2 , ae =
L4
r4H
1
γ2v2
, be =
H
h
, (9)
where γ = (1 − v2)−1/2 is the inverse Lorentz contraction factor. The reality condition for ξ1(r)
implies a critical value Ec = a
−1/2
e for E-field as well as a IR cut-off for r:
r > rIR = (r
4
H + E
2L4)1/4, E < Ec. (10)
We summarize the result in Figure 1 which shows the configuration of string tail ξ1(r) into AdS
bulk for different strength of E.
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Figure 2: Elapse time v.s. B-field (E1 < E2 < E3)
To calculate the flow of energy dissipated into infrared along the string, we first recall the
conserved worldsheet current associated with spacetime energy-momentum along xi is,
P rxi ≡
1
2πα′gs
δL
δ∂rxi
= − 1
2πα′gs
πξi . (11)
For a particle with momentum ~p moving in a viscous medium and subject to a driving force ~f ,
we have
~˙p = −µ~p+ ~f, (12)
where µ is the damping rate. At the constant speed in our case, we conclude the drag force is given
by
−f1 = P r1 = −
1
2πα′gs
√
γ2v2
r4H
L4
− E2. (13)
The square root shows its nonperturbative nature in the large E limit, however it is also
interesting to see the linearized result for small E expansion of (13),
−f1 ≃ − 1
2πα′gs
r2H
L2
γv
(
1− L
4
2r4H
γ−2v−2E2 +O(E4)
)
. (14)
Notice that the correction terms are input as even power of E, thanks to the determinant nature
of DBI action. As E is switched off, we reproduce the same result as shown in [6, 7]. It is also
instructive to rewrite the drag force in terms of gauge theory parameters, i.e.
−f1 ≃ −π
√
λ
2gs
T 2γv
(
1− 1
2π4λα′2
T−4γ−2v−2E2 +O(E4)
)
. (15)
On the other hand, we may consider a free monopole without driven force. Then equation
(12) gives us the damping rate or equivalently elapse time constant as inverse µ. In the relativity
limit, we have p1 = γmv
1 for monopole mass m. Here we plot (13) in Figure 2 to show that the
elapse time constant against different strength of E. For vanishing E, one reproduces the natural
relaxation time constant
τ−1
0
=
2gsm
π
√
λT 2
, (16)
1Here we use relativistic dispersion relation p = γmv without thermal correction. This correction is expanded by
∆m(T )/m with a function ∆m(T ) [6]. For heavy particle we can ignore it.
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however, for nonzero E elapse time constant is not a constant. We remark that the appearance of
gsm implies that the effective mass is the same as quark. Therefore we expect this gives us the
elapse time constant of the same order as in the F1 string case.
2.2 Dragging monopole in the magnetic field
In this case, we consider the trajectory is given by
x1 = vt+ ξ1(r), x2 = ξ2(r), (17)
with nonzero H = B12. Then
−det(g + b) = 1− v
2
h
+
h
Hξ
′
1
2
+ βξ
′
2
2
, β =
h− v2
H −H
2v2. (18)
The ξ
′
i can be obtained by similar calculation as previous section,
ξ
′
2
1 = π
2
ξ1
(
1− v2h
)
β
h
H
[(π2ξ1 − hH)(π2ξ2 − β)− π2ξ1π2ξ2 ]
,
ξ
′2
2 = π
2
ξ2
(
1− v2h
)
h
H
β[(π2ξ1 − hH)(π2ξ2 − β)− π2ξ1π2ξ2)]
,
for two conserved quantities πξ1 and πξ2 . Then the reality condition gives
π2ξ1 =
r4H
L4
v2
1− v2 , π
2
ξ2 = 0, (19)
at the end, we have
−f1 = − 1
2πα′gs
r2H
L2
γv1,
f2 = 0. (20)
Notice that there is no drag force along x2-direction and the B12 has no effect on the motion
along v1 at all. This may surprise us at first glance. However, it could justify the viscous property
of drag force, which is simply against the movement. Therefore that f2 = 0 in fact agrees with a
vanishing v2.
Here we would like to remark about the case of ~v ⊥ E which we left in the previous subsection.
The analysis is similar to the one in this subsection. We find that there are two solutions. First
solution gives π1 = 0 therefore we have no drag force along the moving direction. Second case gives
π2 = 0. In this case we have no effect of E. Therefore the situation given in (6) is sufficient to get
relevant result.
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3 Heavy quark probe in QGP
In this section we will calculate the drag force in hot plasma with large external B-field by using
the gravity description for non-commutative supersymmetric Yang-Mills theory [12] 2. We consider
a fundamental string whose endpoints represent a quark and an anti-quark and use the quark as a
probe in hot non-commutative SYM plasma. The dynamics of the fundamental string is governed
by Nambu-Goto action 3
S = − 1
2πα′
∫
dτdσ
√
−det(ηαβ∂αXµ∂βXνGµν). (21)
Here the background metric Gµν is deformed by a external B-field, which is given in the string
frame [12];
ds2 = H−1/2 [−hdt2 + dx21 + k−1(dx22 + dx23)]+H1/2h−1dr2 + L2dΩ25,
B23 = B∞
b4r4
k
, B∞ =
α′
θ
,
e2φ = gˆ2sk
−1,
A01 =
θ
α′gˆs
r4
L4
, F0123r =
1
gˆsL4
∂r(r
4)
k
,
H = L
4
r4
, h = 1− r
4
H
r4
, k = 1 + b4r4, b2 =
θ
α′L2
, (22)
where gˆs and θ are kept finite under the decoupling zero slope limit. Here gˆs is the string coupling
constant, θ measures the non-commutativity on the D3-brane worldvolume and L4/α′2 = 4πgˆsN
corresponds to the ’t Hooft coupling of the non-commutative SYM theory. The background provides
a supergravity dual description of non-commutative Yang-Mills theory at finite temperature 4 .
3.1 Dragging quark in non-commutative space
The magnetic field here points to x1-direction, and we have rotational symmetry in the x2-x3 plane,
thus we set a frame in which a quark moving along the x2-direction which is perpendicular to the
magnetic field. Equivalently we consider a quark moving in the non-commutative plane (x2-x3
plane) 5 . The string worldsheet can be written
y(t, r) = vt+ ζ(r). (23)
Plugging this into the string action (21), we obtain
S = − 1
2πα′
∫
dtdr
√
1− v
2
hk
+
h
Hkζ
′2. (24)
2Similar calculations on the same background have been done in [13], but at zero temperature.
3The endpoints of string can couple to the B-field through the sigma model action. Here we simply neglect the
term because the coupling turns out to mealy introduce to the Lorentz force to the end point quark in the case of
constant field.
4This non-commutative theory has an interpretation as the SYM with large and constant B field without non-
commutativity[14] . However we do not consider such a commutative limit here.
5In the case of a quark moving parallel to the magnetic field or perpendicular to the non-commutative plane, the
calculation is same as in the case of no B-field.
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One can easily find the string configuration in the r-direction has a derivative:
ζ ′(r) = ±Hk
h
πζ
√
hk − v2
hk −Hk2π2ζ
(25)
where πζ is the canonical momenta conjugate to ζ and is a constant. The reality condition deter-
mines the constant as
πζ =
v
L2
r2v
1 + b4r4v
(26)
where
r4v =
1
2b4
[
−(1− v2 − b4r4H) +
√
(1− v2 − b4r4H)2 + 4b4r4H
]
. (27)
The drag force is given by this constant as
− f2 = P r2 = −
1
2πα′
πζ . (28)
It is interesting to see the behavior in the limit of small and large brH , which corresponds to
the limit of small and large θ respectively. In the case of small brH , rv can be expanded as
r4v =
r4H
1− v2
(
1− v
2
(1− v2)2 b
4r4H
)
+O(b8r8H). (29)
Thus we obtain
− f2 = − 1
2πα′
r2H
L2
v√
1− v2
[
1− 2− v
2
2(1− v2)2 b
4r4H +O(b
8r8H)
]
. (30)
In a non-relativistic approximation which is valid for small velocity, one can assume p = mv and
the drag force becomes
− f2 ≃ −π
2
√
λT 2
p2
m
[
1− π4T 4λθ2 +O(θ4)
]
, (31)
where we have used the relations b4r4H = π
4T 4λθ2. The relaxation time derived from this becomes
τ0 =
2m
π
√
λT 2
(
1 + π4T 4λθ2 +O(θ4)
)
, (32)
which shows the non-commutative nature makes the medium less viscous.
Even in relativistic velocity, equation (30) is valid if b4r4H ≪ (1 − v2)2. We use relativistic
dispersion relation p = γmv, then the force behaves as
− f2 ≃ −π
2
√
λT 2
p2
m
[
1− π
4T 4λθ2
2m4
p42 +O(θ
4)
]
. (33)
Dissipation of energy becomes milder than in lower momentum region. The above analysis shows
that as θ is turn off the result reduces to the one obtained in [6, 7].
7
On the other hand, for large brH or θ we have
b4r4v = b
4r4H
(
1 +
v2
b4r4H
+O(b−8r−8H )
)
(34)
therefore
− f2 = − 1
2πα′
v
L2
1
b4r2H
(
1− 2 + v
2
2b4r4H
+O(b−8r−8H )
)
≃ − 1
2π3T 2
√
λθ2
p2
m
[
1− 1
π4T 4λθ2
+O
(
θ−4
)]
(35)
for small velocity. For relativistic velocity and b4r4H ≫ (1 − v2)2, the first line in large b4r4H
expansion (35) is valid. Using the relativistic dispersion relation then we have
− f2 ≃ − 1
2π3T 2
√
λθ2
[
1− 3
2π4T 4λθ2
+O(θ−4)
]
. (36)
In this limit we find constant friction. It is interesting to see the dependence of the ’t Hooft coupling
and temperature is inverted relative to the small non-commutative case.
A comment concerning to the relation to the ordinary Yang-Mills theory with magnetic field is
in order. The non-commutative theory on D-brane allows another interpretation as ordinary theory
with (large) constant electromagnetic field on the D-brane. According to this interpretation, our
results imply that the constant magnetic field affects thermal plasma to decrease the drag force
for both large and small velocity. In other words, a large magnetic field may decrease the effective
viscosity of QGP.
4 Summary and discussion
We have investigate the issue on the drag force in thermal SYM with B-field or NCSYM via
AdS/CFT with appropriate backgrounds. We have used a quark and a monopole as probes to
measure the drag force in the thermal medium.
For the monopole probe we have studied the problem with AdS5 Schwartzchild black hole
background with constant B-field and use the DBI action as effective action of D1 brane whose
endpoint is the monopole to calculate the drag force. We considered separately the two cases in
which either a constant B01 or B12 is turned on. In the case of turning on B01, we evaluate the
drag force in the x1 direction by taking the monopole moving along this direction, whereas in the
B12 case the motion of the monopole is perpendicular to the magnetic force, and we allow the drag
force span in both x1 and x2 directions. We found for electric case the effects of the B-field reduce
the drag force regardless of its sign. This suggests turning on electric B-field effectively weakens
the viscosity of the medium to a monopole. To our surprise, the magnetic B-field do not have any
effect on the drag force of a monopole, which somehow reveals its nature of viscous force.
For the quark probe we use Nambu-Goto action describing a fundamental string, whose endpoint
is the quark, with the background containing the effect of constant B-field which results in the non-
commutative super Yang-Mills theory or ordinary SYM theory with constant field strength on the
boundary. We have studied θ and θ−1 expansions of the drag force of quark probe with small and
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large velocity. Again, the result implies that the effect of the constant B-field or non-commutativity
makes the medium less viscous.
Thus we suggest that static magnetic field may decrease the effective viscosity of QGP to a
quark. The natural guess is that even in the situation of real QCD a constant magnetic field makes
thermal plasma less viscous.
We leave several problems as future works. One of them is introducing B01 in Maldacena-Russo
blakc hole background to investigate the effect of static electric field. Such a background is already
known as the supergravity dual of non-commutative open string (NCOS) theory. The metric is
given by [15]
ds2
α′
= f−1/2G(−hdt2 + dx21) + f−1/2(dx22 + dx23) +
1
α′2
f1/2(h−1dr2 + r2dΩ2),
f = 1 +
α′2L4
r4
, G =
r4
α′2L4
f−1, h = 1− r
4
H
r4
. (37)
where the factor G represents the effect of B01. We can easily calculate the drag force with ansazt:
x1 = vt+ ξ(r) and obtain
− f1 = − 1
2π
√
1 +
1
1− v2 (πTH)
4λ
v√
1− v2 (πTH)
2
√
λ. (38)
The effect of electric field introduce a square root factor
√
1 + 1
1−v2
(πTH)4λ thus increases drag
force. This is contrast to the case of magnetic field where drag force decreases. The quark moving
in hot NCOS which is not a field theory. It is interesting to identify the medium to be described
by NCOS.
At last, It remains to study the monopole case by considering DBI action with Maldacena-Russo
background. To estimate jet-quenching parameters in the setup investigated in the present paper
may also be an interesting problem as well.
Acknowledgements
We are grateful to organizers of the summer activity hosted in the National Taiwan University for
providing a chance to present a part of this work in the early stage, especially thank T.C. Chan,
H.Y. Chen, P.M. Ho, T. Inami, H.C. Kao, R. Sasaki, and S. Teraguchi for useful discussion. T.M
also would like to thank Feng-Li Lin for stimulus conversations. We are supported in part by the
Taiwan’s National Science Council under grants NSC95-2811-M-003-005(TM), NC95-2811-M-003-
007(DT) and NSC95-2811-M-002-013(WYW).
References
[1] E. V. Shuryak, “What RHIC experiments and theory tell us about properties of quark-gluon
Nucl. Phys. A 750, 64 (2005), arXiv:hep-ph/0405066, K. Adcox et al. [PHENIX Collabora-
tion], “Formation of dense partonic matter in relativistic nucleus nucleus collisions at RHIC:
Experimental evaluation by the PHENIX collaboration,” Nucl. Phys. A 757, 184 (2005),
9
arXiv:nucl-ex/0410003;
I. Arsene et al. [BRAHMS Collaboration], “Quark gluon plasma and color glass condensate
at RHIC? The perspective from the BRAHMS experiment,” Nucl. Phys. A 757 (2005) 1,
arXiv:nucl-ex/0410020;
B. B. Back et al., “The PHOBOS perspective on discoveries at RHIC,” Nucl. Phys. A 757
(2005) 28, arXiv:nucl-ex/0410022;
J. Adams et al. [STAR Collaboration], “Experimental and theoretical challenges in the search
for the quark gluon plasma: The STAR collaboration’s critical assessment of the evidence from
RHIC collisions,” Nucl. Phys. A 757, 102 (2005), arXiv:nucl-ex/0501009.
[2] G. Policastro, D. T. Son and A. O. Starinets, “The shear viscosity of strongly coupled N = 4 su-
persymmetric Yang-Mills plasma,” Phys. Rev. Lett. 87, 081601 (2001), arXiv:hep-th/0104066.
G. Policastro, D. T. Son and A. O. Starinets, “From AdS/CFT correspondence to hydro-
dynamics,” JHEP 0209, 043 (2002), arXiv:hep-th/0205052. P. F. Kolb and U. W. Heinz,
“Hydrodynamic description of ultrarelativistic heavy-ion collisions,” arXiv:nucl-th/0305084.
P. Kovtun, D. T. Son and A. O. Starinets, “Holography and hydrodynamics: Diffusion on
stretched horizons,” JHEP 0310 (2003) 064, arXiv:hep-th/0309213.
A. Buchel and J. T. Liu, “Universality of the shear viscosity in supergravity,” Phys. Rev. Lett.
93 (2004) 090602, arXiv:hep-th/0311175.
P. Kovtun, D. T. Son and A. O. Starinets, “Viscosity in strongly interacting quantum field
theories from black hole physics,” Phys. Rev. Lett. 94 (2005) 111601, arXiv:hep-th/0405231.
A. Buchel, “On universality of stress-energy tensor correlation functions in supergravity,” Phys.
Lett. B 609 (2005) 392, arXiv:hep-th/0408095.
A. Buchel, “Transport properties of cascading gauge theories,” Phys. Rev. D 72, 106002 (2005),
arXiv:hep-th/0509083.
J. Mas, “Shear viscosity from R-charged AdS black holes,” JHEP 0603 (2006) 016,
arXiv:hep-th/0601144.
D. T. Son and A. O. Starinets, “Hydrodynamics of R-charged black holes,” JHEP 0603 (2006)
052, arXiv:hep-th/0601157.
K. Maeda, M. Natsuume and T. Okamura, “Viscosity of gauge theory plasma with a chemical
potential from AdS/CFT,” Phys. Rev. D 73 (2006) 066013, arXiv:hep-th/0602010.
O. Saremi, “The viscosity bound conjecture and hydrodynamics of M2-brane theory at finite
chemical potential,” arXiv:hep-th/0601159.
J. Casalderrey-Solana and D. Teaney, “Heavy quark diffusion in strongly coupled N = 4 Yang
Mills,” arXiv:hep-ph/0605199.
[3] H. Liu, K. Rajagopal and U. A. Wiedemann, “Calculating the jet quenching parameter from
AdS/CFT,” arXiv:hep-ph/0605178. A. Buchel, “On jet quenching parameters in strongly cou-
pled non-conformal gauge theories,” arXiv:hep-th/0605178.
J. F. Vazquez-Poritz, “Enhancing the jet quenching parameter from marginal deformations,”
arXiv:hep-th/0605296.
10
F. L. Lin and T. Matsuo, “Jet quenching parameter in medium with chemical potential from
AdS/CFT,” arXiv:hep-th/0606136.
S. D. Avramis and K. Sfetsos, “Supergravity and the jet quenching parameter in the presence
of R-charge densities,” arXiv:hep-th/0606190.
N. Armesto, J. D. Edelstein and J. Mas, “Jet quenching at finite ’t Hooft coupling and chemical
potential from AdS/CFT,” arXiv:hep-ph/0606245.
Y. h. Gao, W. s. Xu and D. f. Zeng, “Wake of color fileds in charged N = 4 SYM plasmas,”
arXiv:hep-th/0606266.
J. J. Friess, S. S. Gubser, G. Michalogiorgakis and S. S. Pufu, “The stress tensor of a quark
moving through N = 4 thermal plasma,” arXiv:hep-th/0607022.
S. J. Sin and I. Zahed, “Holography of radiation and jet quenching,” Phys. Lett. B 608 (2005)
265, arXiv:hep-th/0407215.
[4] J. M. Maldacena, “The large N limit of superconformal field theories and supergravity,” Adv.
Theor. Math. Phys. 2 (1998) 231 [Int. J. Theor. Phys. 38 (1999) 1113] arXiv:hep-th/9711200.
S. S. Gubser, I. R. Klebanov and A. M. Polyakov, “Gauge theory correlators from non-critical
string theory,” Phys. Lett. B 428 (1998) 105, arXiv:hep-th/9802109.
E. Witten, “Anti-de Sitter space, thermal phase transition, and confinement in gauge theories,”
Adv. Theor. Math. Phys. 2 (1998) 505, arXiv:hep-th/9803131.
[5] J. J. Friess, S. S. Gubser and G. Michalogiorgakis, “Dissipation from a heavy quark moving
through N = 4 super-Yang-Mills plasma,” arXiv:hep-th/0605292.
S. J. Sin and I. Zahed, “Ampere’s law and energy loss in AdS/CFT duality,”
arXiv:hep-ph/0606049.
[6] C. P. Herzog, A. Karch, P. Kovtun, C. Kozcaz and L. G. Yaffe, “Energy loss of a heavy quark
moving through N = 4 supersymmetric Yang-Mills plasma,” arXiv:hep-th/0605158.
[7] S. S. Gubser, “Drag force in AdS/CFT,” arXiv:hep-th/0605182.
[8] C. P. Herzog, “Energy Loss of Heavy Quarks from Asymptotically AdS Geometries,”
arXiv:hep-th/0605191.
[9] E. Ca´ceres and A. Gu¨ijosa, “Drag Force in a Charged N = 4 SYM Plasma,”
arXiv:hep-th/0605235.
[10] E. Ca´ceres and A. Gu¨ijosa, “On drag forces and jet quenching in strongly coupled plasmas,”
arXiv:hep-th/0606134.
[11] K. Peeters, J. Sonnenschein, M. Zamaklar, ”Holographic melting and related properties of
mesons in a quark gluon plasma,” arXiv:hep-th/0606195.
H. Liu, K. Rajagopal, U. A. Wiedemann, ”An AdS/CFT calculation of screening in a hot
wind,” arXiv:hep-ph/0607062.
M. Chernicoff, J. A. Garcia and A. Guijosa, “The Energy of a Moving Quark-Antiquark Pair
in an N=4 SYM Plasma,” arXiv:hep-th/0607089.
11
[12] J. M. Maldacena and J. G. Russo, “Large N limit of non-commutative gauge theories,” JHEP
9909 (1999) 025, arXiv:hep-th/9908134.
[13] A. Dhar and Y. Kitazawa, “Wilson Loops In Strongly Coupled Noncommutative Gauge The-
ories,” Phys. Rev. D 63 (2001) 125005, arXiv:hep-th/0010256.
[14] N. Seiberg and E. Witten, “String theory and noncommutative geometry,” JHEP 9909, 032
(1999), arXiv:hep-th/9908142, and references therein.
[15] T. Harmark, “Supergravity and Space-Time Non-Commutative Open String Theory“, JHEP
0007,043 (2000), arXiv:hep-th/0006023.
12
